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n undergraduate laboratory exercise appropriate to

_ the upper-level organic or inorgnic course is

urea prowdes presened. The objetive of the Bboratoly is to

. recreste an expeiment of histeoical significance

students with " . . . . _
familiar to organic chemistry stucents while also incgorating

experience In modern technigues of spectrosaopcharacterizatio and
urification.
both i

recrystallization

The synthesis of

Introduction

The stoy is familiar to most aganic chamistry students. The
characterization compound urea, (Nb,CO, isolated frm urine by Rouelle in
1773 [1], was the product of Friedrich Wohler's serendipitous
synthesis in 1828, with began asan attenpt to gnthesize

and

techniques.
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ammonium cyanate WhenWohler treated silveryanate with mmoniun chloride, he
iIsolaied a white, cystalline materl with none of the ppertes of o/aretes; another
attampt using lead yanate and mamonium hydroxide lead to uncontanated white
crystals that had organic properties. TiMaite ciystals were tested against urea
(isolated fom urine using potash, clak, and \arious aids and bass in the besmanner

of the dg) [2]; the two compounds were iehtical. Thus, it vas discoveed that
ammonium cyanate hadearianged to form urea.

Most organicchemistry texts point toweds this gnthesis, as @l as Wohler's pgevious
synthesis of oxalic acid from cyanogn (1824) as the dginning of modan arganic

chamistry [3]. While this may be an owuesimplification, it can be agued that these

preparations of orgnic subsénces from nonaganic precursas were an uexpected

outcome with pofound epercussions for the bigeoning s@nce of chemical gynthesis.

Further, these wee the first reorded laboratoy syntheses of compoundsfound in

living organisms. Themost wicely held kelief of the dg was that‘vita” compounds,
that is, thosewhich were of animate aigin, could ony be produed within a
lifeform [4]. Thus, if one wamrd a sanple of uea, relaiming it from urine was the
only way to get it. While Wohlers wak did not astroy vitalism in a single sbke (it

exissin same forms to this dg), it did, with sich pivotal experiments as Kolbs acetic

acid g/nthesis (1844)begin the @cumulation of contraindicative eviderce leading to
vitalism’s eventual rejectiord].

Wohle did not understand the reaction at theeti investigations since 1828 have
shown the mechanisn for the conversion of mmonium cyanate to urea to be
bimolecular [6], procesding through disso@tion into anmonia and isoganic &id,
followed by recanbination and rearrang®nt to fom urea, anore stable product:

NH,NCO <= NHj;+ H-N=C=0 <= (H,N),CO

Further, these studiesaae indicated that this reaction is notcomplete in aqueous
solutions, and that the rbolecular rate constant is higher mmxtures of water with
alcohols than in pure waterT].

This artcle degribes anexperiment suigble for sophaonore students athich lewve this
important experiment is peformed. The egcise giwes studnts a gtaighforward
synthesis that bridges the gp betwen introductory chemistry and aganic chemistry.
The poduct, urea, is obtaied in high yield and involves the use of pagpitation,
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sepaation, and regystdli zation tehniques. Urea énds it€lf without complication to
chamcterization with infraed spectroscoyy, and its pury can beassesed by a melting
point detemination. Theexercise @n be canpleted in two three-haupeiods, or with
same revisions it can be reduced to one three-hour labgrpésiod.

In addition, theexperiment hes theadvantage of &ng peatinent. In mary instances
studentsmay not appreciate the nances of the rasoning ehind their Bboratory
assigments;al too often the ubiquitous distillation of benzdhgde or the likemay

seen like so much buy work. In contest, this gnthesis is ofclear histeica
Importance and, as such, has readilefinable and appreciable goals, and its
completion is accmpanied ly a sense of satisfaction. It is also relevant, as urea is the
16th most poduced industial chemical; more then 15 billion pounds @ year are
produced. Itgnajor use is as the nitrogen source for fertilizers although theraaarg
otherapplications, ircluding the gnthesis of polurethanes and as arptein substitute

for livestock B].

Experimental

Materials

The reagents used in this expagnt can be purchased fnanost chenical canpanies.
The adeing information fom VWR is incluced heein. All chemicals ae
Mallinckrodt AR grade except the KBr, which is infrared grade: PRINO
(MK574404), KCNO (MK689003), 2-propanol (MK303219), MbH (MK325610),
KBr (MK050002).

Safety Precautions and Waste Considerations

Leadcompounds en be haardous if ingestd or infeled. Ammonia is pungentWork
in an area with adequate ventilation while wearing gloss. Discaréd sanples of these
compounds should be taed as havy metal waste and disposed of prdge

Measurements

Infrared spectra were recorded on a Nicolet Magna-IR 550 FT-IR infrared spetetro
using a deuterated trigline sulfate (DTGS) detector. Adequate spectra are obtained
from Nujol mulls, KBr pellets, or diffuse reflectance Fourier transfo(DRIFT)
sampling technigques. Typically, a sanple is prepaad thet is 1-10% urea by mass in
Nujol or KBr. The resolution is set 4 cm* and 1-4 transnts are taken.
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Procedure
In the initial reaction, lead(ll) cyanate must be prepared according to the equation:

Pb(NQy),(ag) + 2KCNO@g) — Pb(CNOX(s) + 2KNOsy(aq)

A volume of 150 mL of 0.010 M lead(ll) nitrate and 150 mL of 0.14 M potassium
cyanate were poured simultaneously into a 500-mL beaker. The mixture was cooled in
an ice bath for 15 min, then filtered under vacuum to remove the precipitate, lead(ll)
cyanate.

The precipitate was washed several times with distilled cold water and with two 15-mL
portions of ethanol. The filtrate was dried in an oven (®5for fifteen minutes, and
then cooled in a dessicator.

While cooling was taking place, 200 mL of solvent mixture was prepared by mixing
100 mL of concentrated ammonium hydroxide and 100 mL of 2-propanol.

To prepare urea, 1.00 g of lead(ll) cyanate and 60 mL of the solvent mixture were
combined in a 100-mL beaker. The reaction mixture was then heated to betw€en 60
and 80 C for 90 min in a fume hood. The volume of the reaction mixture was carefully
maintained at 60 mL; solids, which splashed onto the beaker walls, were washed into
the reaction mixture using the solvent mixture. The double displacement reaction
produced ammonium cyanate, which rearranged to form urea according to:

Pb(CNO} + NH; + H,O — Pb(OH)} + NH,CNO
followed by:
NHsNCO = NH;3;+ H-N=C=0 = (H,N),CO

Purification of urea

The urea was separated from the insoluble lead(Il) hydroxide by vacuum filtration. The
filtrate was then washed twice with 10 mL of hot water to extract the remaining urea.
The supernatant was transferred to a 150-mL beaker and the filtration flask washed
with a 10-mL portion of hot water, which was also added to the supernatant. The
resulting supernatant and wash solutions were concentrated to less than 20 mL by
either heating the mixture on a hotplate in a hood or by using a rotary evaporator. The
solution was gravity filtered as necessary to remove any solid materials, and any
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filtr ates were waséd with two pations of hot distiled water. All supenatantand wesh
solutions were tin evapoated to diyness ly either heating themixture on a hotplate in
a hood or i using a rotar evapoator.

Recrystallization

Five millilite rs of ethanol wereadded to the solid urea and heatedftom a solution.
This was gravit filtered and the filter paper wagld with 10 mL of hot ethanol. The
ethanol was evaporatedy theating until cystals fomed. Cystals of urea were
produced in high purity with 80% vyield.

Charecterization

The puriy of urea was asssal by mp detemination. The liteature mp of urea is 130—
133 °C while theexpeaimentl vaue was 129-132C* suggesting sufficent puity of
the stucent prepared sanple. Infrared spectraopy was also utiied as a
characterizatiomethod. Urea has distinguishing absorptions, 1680 6r-o), as well
as N-H stetchesat 3320 and 3420 ¢m (Vn-n). Three sepling preparations (Nol
mull, KBr pellet, and DRIFT) were mployed with equal success. Figurel shavs a
comparison of two infrared spectra, one (upper) takemfeostudent preparation and
another(lower) showing tte spectrum of Aldrich Gold Label urea. EA sanple was
prepared identically. Note the high degree of correlation indicating the excellent purity
of the student-prepared urea.

Practical aspects of the laboratory

The exercise requires two 3-hour laborgtoeriods. In the first period, lead(llyanate

Is prepared, and the urea isysthesizd and purfied. The seond period involves
further purification, regrstallization, and characterization. The expemt can be
completed in less me if the lead(ll) ganate is prepared for the students and if the urea
Is chatacterized by only one tehnique.

Conclusion
This laboratoy provides second-seester introductgr chamistry students with a
springboard into organic synthesis, supplying a facile technique with high yields. The

! The actual literature value for the metfipoint of urea accordinto the CRC handbook is 132@.
The value reported is of stock urea with the mglpoint determined in theame manner as student
preparations.



6 / VOL. 3, NO. 6 ISSN 1430-4171

THE CHEMICAL EDUCATOR http://journals.springer-ny.com/chedr
© 1998 SPRINGER-VERLAG NEW YORK, INC. S 1430-4171 (98) 06271-X
5'0_'Stude Urea )
45
% <4
T 40
r B
a ] /
n 3.5 -
s ]
m ]
i 3.0‘:
t 4
t 25
a 4
n ]
c 20—
e ]
15
1.0 o
4.0 “_Aldrich Goll rea
3.5
% -
T o
r 3.0
a 4 I
n ]
s 25 ]
m gl
i 4
t 2.0
t i
a i
n 1.5 —
c i
e J
10- \ \
05 .
1 T T T T T T T T I T T T T ‘ T T T T ‘ % T T T I T T T T ! T T T T |
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm-1)

FIGURE 1. FT-IR OF STUDENT PREPARED UREA (UPPER TRACE) AND COMMERCIAL (ALDRICH, 99%) UREA (LOWER TRACE). BOTH SPECTRA
WERE TAKEN BY THE DRIFT TECHNIQUE. THE SAMPLE WAS PREPARED USING 10% BY MASS UREA IN KBR. FOUR TRANSIENTS WERE TAKEN
EMPLOYING 4 CM-1 RESOLUTION.
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laboratoy alo helps students learn how maaximize yields by giving visual clues to
areaswhere productmay be lost (urea gstallizes easyl with crystals foming on
glassware where washing was not efficient). Tymatlesis of urea provides students
with experience in both regstallization and characterization techniques. The reactions
involved in this laboratory @nonstrate a variety of topics, including solubility rules
and precipitation reactions. The laborgtaan be completed in either three or six
hous, suitble for either the end of scond-seneser introductoly chemistry or the
beginning offirst-semester oganic chemistry.
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